Results of calculations and experimental studies of the acoustic characteristics of the gas pressure regulator with a silencer are reported here. A mathematical model and a method for obtaining a stable solution of the original system of equations was developed. The possibility of reducing the noise of the pressure regulator, when one orifice plate is installed, is presented here. We obtained a good convergence of theoretical and experimental data. The optimization of the flow area silencer consisting of several orifice plates was developed.
INTRODUCTION
There is a large number of papers dedicated to reducing noise and vibration of pneumatic and gas transportation systems. Among the manufacturers of regulating and isolation valves, it is possible to identify a number of companies that successfully implement noise reduction means (NPO "Aurora" NPF "CKBA", Fisher, Emerson, Samson, Tartarini, Masoneilan, Valin and others).
Two methods of aerodynamic noise reduction in regulating and isolation valves are shown by Monsen J.:
1 step throttling and flow division (splitting into smaller jets). Silencers, soundproofing cases, and pipes coated with sound absorbing materials are some of the noise reduction means. Shakhmatov et al.
2 used an integrated gas pressure regulator noise reduction system along with a silencer and a soundproofing case.
Physical processes of aerodynamic noise generated by fittings are described by different researhes 3, 4 in details. Karczub et al.
5 described a method of reducing noise using orifice plate. The ten-step silencer is patented in the United States. 6 Moreover, the choice of passage sections/number of stages is Figure 1 . Schematic diagram of the gas pressure regulator with silencer: 1 -regulator body; 2 -guide rod; 3 -spring; 4 -piston-valve; 5 -pressure adjusting supply line; 6 -silencer; 7 -a package of orifice plates; 8 -the valve; 9 -feedback pipeline.
substantiated on the basis of initial pressure ratio. A qualitative description and visualization of the impact of the distances between jets on the overall noise level is provided in the Fisher company advertising catalogue.
7 Among local scientists, we can distinguish following works. [7] [8] [9] However, none of these papers discuss the choice of flow area of orifice plates and their impact on the operation of the pressure regulator.
MATHEMATICAL MODEL
Gas pressure regulators are widely used in gas distribution stations. However, due to the significant pressure drops during throttling and the appearance of high speeds, the work of these units is often accompanied by noise that exceeds the established health standards. There is a need to study the influence of the constructive solution on the acoustic characteristics of the regulator. One of the famous noise reduction methods is the installation of orifice plate at the outlet of the regulator. 2, 4, 5 Schematic diagram of the system is shown in Fig. 1 .
In the development of a mathematical model for the study of the acoustic characteristics of the system, "the regulatorsilencer", the following assumptions were made: a working fluid is an ideal gas; nonlinear friction forces are absent; input impedances of downstream systems are equal to zero (p a = const).
Considering that the state of the gas in the cavities of the regulator and silencer changes according to adiabatic law, we
